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SUMMARY

In order to study the detailed performaence of the individual blade
rows of g five-stage axigl-flow compressor, radlal distributions of total
pressure, total temperature, static pressure and ailr-flow angle were ob-
tained at the exit of each blade row. These data are tabulabted for a
range of flows abt equivalent tip speeds of from 70 to 100 percent of
design. Individual stage performance curves in terms of flow coefficient,
equivalent total-pressure ratio, equivalent temperature-rise ratio, and
adigbatic efficlency are presented and evaluated.

An overcambering of the inlet stages plus an excessive annulus area
from the Pirst-stage exit to the compressor-discherge statlon caused the
stages to be mismatched at design speed but favorably affected the low-
speed performance, the best compressor match point occurring between 80
and 90 percent of equivalent design speed.

INTRODUCTION

Numerous examples of the potentials of sxial-flow-compressor stages
opereting with rotor tip relative Mach numbers in the transonlic range to
produce high pressure ratio and high specific weight flow have been re-
ported, a few of which are listed in references 1 to 4. To study the
problems assoclated with the combining of these high-performence stages,
g five-stage 20-inch-diameter compressor was designed and counstructed at
the NACA Lewis laboratory. The design details of this compressor are
discussed In reference 5, and the over-all performance is presented in
reference 6.

The over-sll performence (ref. 6) Iindicates that at design total-
pressure ratio gnd design speed a higher than design corrected weight
flow was obtained at a lower than over-all design velue aof adisbatic ef-
flelency. Pesk compressor efficiency occurred at & lower than design
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speed, Indicating that the stages were more closely matched at some off-
design speed. Reference § speculates on the effects of the higher than
deslgn equivalent weight flow, deslign boundary-layer allowances, and &an
overcambering of some blade rows, which may have resulted in some mis-
matching of the stages at design speed. o i .

To study the performance of the individual stages, three series of
tests were run, during which groups of blade rows were instrumented suc-~
cessively. Each seriee of test points covered a range of alr flow from
choke to the approximate compressor surge limit or limiting turbine-inlet
tempersture for speeds from 70 to 100 percent of equivalent design speed.
During each test run radial distributions of total pressure, static pres-
sure, total temperature, and alr angle were obtained.

This report presents these radial distributlons of performance data
in tables and in curves of average individual stage performance charac-
teristics in terms of flow coefficient, stage equivalent pressure ratio,
stage equlvalent femperature~rise ratio, and Btage adiabatic efficlency
over the range investigated.

SYMBOLS
A annulue area, sq £t
M Mach number
N rotational speed, rpm
P total or stegnation pressure, Ib/sq ft
he) static or stream pressure, 1b/sq ft
r radius, in.
8 blade spacing, in. - -

ds differential distance measured slong the clrcumferentlial direction
covered by the weke rake

T total or stagnation temperature, °R
U rotor speed, ft/sec

Vp; volume flow, cu ft/sec

W weight-flow rate, lb/sec

12°184
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B alr angle, angle between air velocitymand axial directlion, deg

3] retio of total pressure to NACA standard sea-level pressure of
2116 1b/sq £t

n temperature-rise efficiency

Thy momentum efficiency

e ratio of total temperature to NACA standard sea-level tempers-
ture of 518.7° R

P flow coefficient

Subscripts:

Cc combinagtion probe

e equivalent, indicates thet psrameter to which 1t is affixed hsas
been corrected to that which would be cbtalned at design speed

h hub

n station number (see fig. 2)

& tip

WR wake rake

o] bellmouth inlet (fig. 2)

1 compressor flow-measuring station (fig. 2)

2 compressor first-rotor inlet

3,5,7, interstage messuring stations at exit of first, second, . . .

9,11 fifth rotors (fig. 2)

4,6,8, interstage measuring stations at exit of flrst, second, . . .

10,12 fifth stators (fig. 2)

APPARATUS AND INSTRUMENTATION

Compressor Installation

A description of the aerodynamic design and geometry of the compres-
sor used for this investigation 1s presented in reference 5, and the

oeanny,
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over-gll performance 1is given in reference 6. The stage performance

data reported herein were obtained with the compressor operating as a

component of & turbojet engine. The installation of the compressor in v
the engine is described in reference 6. Flgure 1 is a photograph of the

engine instellation.

Instrumentation

Engine bellmouth inlet. - The instrumentation at the engine bell-
mouth inlet (station O, fig. 2) was the same as thet reported in refer-
ence 6.

125184

Compressor flow-measuring station. - The location and instrumenta-
tion used at the compressor flow-measuring station (station 1, fig. 2)
was the same as reported in reference 8, with the following exceptlon.
In place of the boundary-layer rakes, two radial total-temperature rakes
were installed. The rakes were 180° apart, and each contained five
shielded thermocouples equelly spaced across the passage.

Compressor inlet. - The location of wall static-pressure taps at
the compressor inlet (station 2, Tig. 2) is described in reference 6. In -~
addition, in the same exisl plane an actuator-mounted, self-balancing,
wedge-type static-pressure probe (fig. 3(c)) was used to survey the

passage.

Survey stations, - Radial surveys were made at stations 3 to 12 in-
clusive (fig. 2) using combinations of the following instruments:

(1) A combination probe (fig. 3(a)), which consists of & single
totel pressure, an angle-sensing claw, and two slotted-shield stagnation
thermocouples. The probe was actuator-mounted and self-balencing. The
thermocouples were callbrated for Mach number and density effects.

(2) A sting-mounted, wedge-type static-pressure probe (fig. 3(b))
wilth separate static-pressure orifices locasted on both sides of the wedge.
This probe was mounted in an actuator and made self-balancing. Calibra-
tlon tests of this probe provided a Mach nmumber correction and showed
that rediel flows of the magnitude asnticipated from this compressor hub
conflguretion and free-vortex type of wvelocity disgram used in the deslign
had s negligible effect on the probe readings.

(3) A wake rake (fig. 3(d)}), which consisted of 19 totel-pressure
tubes mounted clrcumferentially. Fourteen of the tubes were spaced 0.060
inch apart to define the blade wake, and the end tubes were spaced farther
gpart to record the free-stream pressure. The rsgke covered at least one
blade spacing at all radial positions. -
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Behind each rotor row two combinstion probes end o single static-
Ppressure probe were used. At each stator*exit & wake rake and a static-
pressure probe were employed. In addition, behind the stator rows of
the first and second stages, three combination probes were spaced so that
one instrument traversed radislly the center of a blade passage and the
remaining two instruments traversed the portions of the blade passage
adjoining the suction and pressure surfaces of the blades. Behind the
third, fourth, and fifth stages, only the combination probes covering
the center portion and the portion of the passage close to the pressure
surface of the blade were used. In each case an gbtempt was made to keep
the combination probes out of the blade wakes. The approximate clrcum-
ferentiael location of the probes for each of the series of tests is pre-
sented in figure 4. In order to minimize the blocksge effect of the
large number of instruments, all probes were designed with smell frontal
ares over the portion of the stem extending into the alirstream.

Four static-pressure orlfices, equally spaced circumferentlslly,
were located at the outer wall at each measuring stetion. The axial dis-
tance from the measuring station to the blade trailing edge varied from
0.40 inch at the hub to from 0.60 to 0.80 inch st the tip behind the
rotor blades and was spproximately constant at 0.25 inch behind the stabtor
blade rows.

Pressures were measured with manometers containing either mercury
or tetrabromoethane. Temperatures and angles were measured and recorded
with a self-balancing digital potentiometer that recorded readings st
the rate of approximately two per second. Compressor speed was measured
with a chronometric tachometer.

FPROCEDURE
Operation

Al)l tests were conducted with ambient-zir inlet conditions; comnse-
quently, no control of the compressor-inlet conditions could be employed.
Since instrumenting all blade rows similtanecusly would have requilred =
prohibitively large number of actuators, three series of tests were run
during which several blade rows were Instrumented successively. The
first series provided date from the first and second stages; the second
series, from the third and fourth stages; and the third series, from the
Ffifth stage. For each series the compressor was operated at constant
equivalent speeds of 70, 80, 90, and 100 percent of design. The range
of air flow covered at each speed was achieved by means of an sdjustable
exhsust nozzle such as was used for the over-gll performance tests de-
scribed in reference 6. For these tests, however, only the first-stage
turbine stators that gave maxirmum pressure ratio at design speed were
used.



6 C NACA RM E56G24

Typical Test Run

A typlcal test point wes run in the following manner: With all in- %
struments pulled out to the outer-wall position (radial position 1, teble
I), the compressor equlvalent speed was set and a stable operating con-
dition noted. While the lnstruments behind the stator rows remained et
the outer wall, deta were recorded from all the instruments behind the
rotor rows at 1l radial positions (radial positions 2 to 12, table I).

The rotor-exit survey instruments were then retracted to the outer wall
and remasined there while the passage was surveyed with the instruments
behind the stator rows. During the complete test run, a constant check
on the compressor-inlet temperature and compressor speed wes maintained
in order that the equivalent compressor speed could be held essentlally
constant. At each radial position total and static pressures were re-
corded once on film while each angle was recorded three times and each
temperature twice on a digital potentiometer. This procedure ylelded a
time as well ss circumferential variation of the data. The compressor-
inlet temperature (an average of 10 thermocouples, station 1) was recorded
at each radlial survey position. The running time necessary to complete

a test run was approximstely l%-hours.

TV

Calculation

Data necessary to compute conditions at the inlet to the first rotor
(series 1) were obtained by assuming a radially constant value of total
temperature and total pressure equal to the messured compressor-inlet
total temperature (station 1) and the barometer reading mimus 0.10 inch
of mercury, respectively. The drop of 0.10 inch of mercury from the
barometer pressure was used to account for the pressure drop across the
four struts in the inlet section and any other flow losses in the bell-
mouth. The radial distributlion of static pressure was obtalned from a
series of static-pressure surveys at station 2 covering the compressor
speed and welght-flow range. The results of these surveys are plotted
as g function of corrected compressor weight flow in figure 5. The in-
let surveys served to validate the assumption that the alr entering the
first rotor had no prewhirl. For series 2 and 3 the necessary datas to
compute the intet conditions to the thlrd and fifth steges, respectively,
were obtained from a survey with a single combination probe. These data
were correlated with the stator-outlet data of the preceding serles and
a static-pressure distribution obtained by correcting the static pres-
sures measured at a prevlious series run by the ratio of the aversge val-
ues of the wall static taps.

Because of the choke and surge limits of the compressor, a complete
flow range of any given stage cannot be realized for a given speed. How-
ever, within certaln limitations, the stage performance may be presented
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as average values of flow coefficlent ¢, equivalent pressure ratio

(Pn/Pn-Z)e: equivalent temperature-rise ratio EQEE:igégg] » and adiabatic
n- e

efficiency 1, which results in a single performance curve that is es-

sentially independent of speed as long as compressibllity effects are

small. This curve represents the approximate curve thst would be ob-

tained 1f the complete flow range of the glven stage could be covered at

deslgn speed.

A complete derivatlon of these dimensionless performance parameters
is given in reference 7, and thelr use and limitetions when employed in
conjunction with transonic and high-performence stages are illustrated
in reference 8. In the investigation reported herein, blade tip speed
and mass-averagged values of stage pressure ratio and temperature-rise
ratio were used in place of the meen blade speed and arithmetically
averaged values of stege pressure ratio and temperature-rise ratio used
in reference 8. Compressor weight flows were computed from data obtained
at station 1 (fig. 2) as explained in reference 6.

PRESENTATION OF SURVEY DATA

The data obtained from the survey tests are presented in tgble II.
Since all the results were not gathered under the same compressor-inlet
conditions, pressures and temperatures are presented as a ratio to the
compressor-inlet (station 2, fig. 2) total pressure and total tempera-
ture. Figure 6 presents plots of total pressure and totel temperature
when the compressor is operasting near peak efficlency for speeds of 70,
80, and S0 percent of design speed and at design pressure ratio for de-
sign speed., Additionsl information listed for convenlence in tgble IT
inecludes the Mach mumber associated with the listed values of static and
total pressure and the equivalent welght flow, by means of which each run
may be associlated with the values of figures 5 and 7. Blade geometry
necessary to compute certaln streamline flow parameters may be obtained
from reference 5.

For identification purposes and as an aid in stacking the stages
for a given engine operating condition, the series number and engine
exhaust-nozzle and bleed settings are listed for each test point 1n table
ITI. As the exhsust-nozzle setting Increases, the nozzle area decreases.
This inverse relation between the exhsust-nozzle setting and the srea of
the exhaust nozzle 1is only relative, and no sbsolute values of aresa were
assoclated with the settings used. The bleeding of alr at the compressor
discharge was required for acceleration purposes, as described In refer-
ence 6.
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At each rotor~exit station, the data presented represent the
following:

(1) Total pressure is an average from twc probes, each recorded
once (two values).

(2) Total temperature is an averasge from four thermocouples, each
recorded twice (eight values).

(3) Angle is an average from two probes, each recorded three times
(six values).

(4) Static pressure is a value cbtained from a smooth curve faired
through the values from a single static probe and intersecting the outer
wall at a value from one of four wall static taps. At station 3,
where a circumferentiel variation of several inches of mercury among the

wall taps existed, the entire level of static pressure was adjusted until

the outer-well value was equal to the average of the four outer-wall
tape. This adjustment was unnecesssary at any of the other rotor-exit

stations.

At each stator blade-row exit the data presented represent the
following:

(1) Totel-pressure values are cbtained by using the wake rake and
combingtion probe total-pressure values according to the equation

tube 19
Fyr d8 - aFc
P = Jtube 1

s

where a 1s the difference between the circumferential dilstance covered
by the wake rake and 1 blade spacing (consequently, a varies with the
radial location); Po 1is the average total pressure of the two or three
combination probes used; end Py represents the total-pressure values

obtained from tubes on the wake rake.

(2) Total temperature is an average of four or six thermocouples
(depending on whether two or three combination probes were used), each
recorded twice (either elght or twelve values).

(3) Static pressure is & value cobtained from a smooth curve faired
through the radial varigtion of the single probe readings and into the
average of four wall static-pressure taps.

(4) Angle is an average from two or three probes (depending on
whether two or three combination probes were used), .each recorded three
times (elther six or nine vslues).

12518
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In order to facilitate the use of the recorded data in computing
blade element (or streamline) performance paremeters, radisl survey
positions 4 to 10 iInclusive at each station were located along the same
streamlines according to the definltion

I'.b-r

————— = constant

Ty = Th

where r 1is the radius at which the streamline intersects the measuring
plene. This is the same definition of a streamline as was used in the
design procedure (see ref. 5). The principal discrepancies between the
assumed streamline location and the radial probe position arise from the
limitations of the prepositioning system used to set the probe radial
locations (max. error of 0.025 in.) and at the fourth-stator discharge
(station 10) where a compromise was necessary in order that the preposi-
tioning system could be used for the fifth-stage surveys. However, at
station 10 for radial positions 8 to 10, where the largest discrepancy
exists, the data recorded at all speeds are relatively constant with
radius; thus, little error in the calculatlon of blade-element performance
parameters would be anticipated even though radial probe positions rather
than assumed streamline locations are used. The additional radisl survey
positions were used for integrating purposes and to gain some knowledge of
boundary-leyer thlcknesses. All radil for the radisl survey positions

as well as compressor hub values are presented in teble I.

RELTABITITY

The criterias used as an estimate of the accuracy and consistency of
the dats obtained from this investlgation are the ones generally used in
an experimental investigation of a compressor stage, namely

(1) A comparison of the integrated weight flow at each survey sta-
tion with the compressor-inlet weight flow

(2) A comparison of integrated momentum and temperature-rise
efficiencies

(3) A comparison of total temperatures at the rotor- and stator-
exit stations

However, it is realized that, as the Increased number of blade rows pro-
vide additionsal sources for accentusting the unsteadiness and circumfer-
ential variation of the alrstream, it becomes increasingly more difficult
with the type gnd number of instruments used 1n these tests to obtain
average values of performance data. Thls was demonstrated in the record-
ing of temperatures and angles, where In meny instances the time variation
of data from a single probe was as large ss or larger than the circumfer-
ential variation of the two different probes. Consequently, the standards

b
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of these comparisons of welght flow and efficienciles advanced in the more
closely controlled single-stage tests will not be appliceble to the re-
sults presented herein. In addition, the inherent errors in probe set-
tings and calibration, recording of the data, and compubtationsl procedure
are always present. An attempt was made to keep this latter type of
error at a minimun by a careful screening of the data and use of probes.

The welght flows obtained 1n these series of itests are compared in
figure 7. This figure also Indicates at the maximum welght-flow points
the variation of the compressor-inlet corrected weight flows obtained
with the same engline geometry and equivalent speed for the three series
of tests. The integrated momentum and temperature-rise efficlencles are
compared in figure 8. The total tempersastures at the rotor- snd stator-
exit stations may be compared in figure 6 or table II.

STAGE PERFORMANCE

The choke and surge limits imposed by the compressor restrict the
flow range of a particular stage at any given speed. However, within
certain limitations (see ref. 8) performence curves that are approximately
those which would be obtained if the complete flow range of the stage
could be covered at design speed may be computed by employing equivalent
stage performance parameters. These equlivalent curves are useful in de-
termining stage matching and in indicating improperly designed stages, and
also assist in pointing out regions of operation where the data may be
of guestionable accuracy.

The flow coefficient ( ¢ = Vgy/UiA) is defined as the ratio of the

volume flow divided by the blade tip speed and a flow area at the en-
trance to each stage. One approach in selecting a flow area is by use

of the concept of dividing the flow into a main or "free-stream"” portion
where the viscosity effects of the fluid on the flow are negliglble and
a small or boundary-layer portion near the casing walls where the vis-
cosity effects on the flow are appreclable. The flow coefficient 1ls more
representative of the average angle of incidence on each stage if an ef-
fective or free-stream flow area is used. However, for simplieity, and
because of the difficulty in computing accurate values of effective flow
areas from the measured data, the total annulus area was employed In the
computations of measured flow coefficients reported herein. The originsl
design values of flow coefficient were obtained from free-stream values
of axial velocity. For comparative purposes, therefore, 1t was neces-
sary to adjust the design values of flow coefficilent by means of the &s-
sumed design weight-flow blockage factors. Thus, observed differences
between design and measured flow coefficients may be due to some extent
to differences in the design and measured blockage factors.

125184
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No attempt was made to adjust the original design (free-stream)
values of total pressure and efficlency for wall boundsry-layer effects.
It is possible that a more realistic average design value based on the
distribution from hub to tip of totsl annulus zsrea might be somewhat less
than the original design (free-stream) values, but it 1s believed that
such differences are Insignificant for both totsl pressure and efficiency.

First Stage

The performasnce characteristles of the first stage are presented in
figure 9(a). Although this stage operates over a narrow range of flow
coefficient at each equivalent speed, it operates over a wide range of
flow coefficient (or incidence angle) for the range of speeds investigated.

Design flow coefficient was obtained at 90 percent of equivelent de-~
sign speed, where the performance curves indicate thet a higher than de-
sign value of energy sddition and pressure ratlio is abtained. Since the
design =snd measured values of efficlency st this flow coefficient are ap-
proximately the same, the increased work input could result from a higher
than design turning of the air (overcembering of the rotor blades) or the
effect of an excessive snnulus area at the stage discharge station on the
axial veloclity ratio across the rotor row. The design values of boundary-
layer blockage allowance for the first stege were cbtained from the per-
formence results of & single-stage transonic compressor. By elimination,
then, the rotor blade overcambering is apparently the cause of the higher
than design performance at design Flow coefficient (incidence angle).
More recent considerations of blade-element data (ref. 9) also indicate
that the blade camber, especlally in the tip region, was too high. This
same result was speculated on in reference 6 on the basis of wall statle-
pressure megsurements.

The higher then design weight flow obtalned at design speed forced
the first stage to operate at a higher than design flow coefficient
(lower than design incidence angle). Consequently, although the design
energy addition wes attained (overcambering of rotor blades), the poor
efficlency resulted in a lower than design pressure ratio.

The location of the 70-percent-speed points on the stall portion of
the stage performence curve suggests the use of caution when employing
the data cobtained at this speed. A hot wire installed behind the first
rotor indicated that while a well-defined rotating-stall region could not
be observed, the flow at these speeds was of a highly unsteady nature.
This reglon begins at a flow coefficient of 0.47 and extends over the
complete flow range (to ¢ = 0.42) at 70 percent of design speed.
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Second Stage

The second-stage performsnce characteristics are presented in fig- -
ure 9(b). The range of flow coefficient over which the second stage
operstes is slightly smaller than that of the first stage, with all points
apparently outside a stage stall region. However, the small margin be-
tween the pesk and design values of egulvalent pressure ratio and
temperasture-rise ratio is not typical of a stage whose blade sections are
designed to operste at thelr minimum-loss inclidence angles.

125184

At design speed a slightly higher than design energy addltion was
obtained, but the low stage efficiency (indicating high losses at the
lower than design incldence angles due to the high flow and low first-
stage pressure ratio) resulted in a lower than design pressure ratio.

Ae before, more recent examingtion of blade-element data indicates an’
overcambering of the second-rotor blade row also. No evaluation of the
possible effects of any discrepancies between the design and actual ef-
fective flow areas on the axigl veloclty ratio can be made for this stage.

Third Stage

The third-stage performence parsmeters are presented in figure 8{c).
The third stage is typicael of an intermediate stage of a multistage com-
pressor that operstes over a small range of flow coefflcient (incidence“
angle) with considerable overlaspping of the individual speed curves.

The third stage did not produce deslgn enérgy asddition at any of
the speeds investigated. One reason for the difference between the meas-
ured and design energy addition may be that the design camber of the rotor
was too low, thus restricting the rotor blades from turning the air
through the desired angle. A second possibility is that the design devia-
tion angle of the second-stage stator blades was too low. Imsufficient
turning In the second-stage stator row would adversely affect both the
incidence angle and the inlet Mach number entering the third-stege rotor,
thus displacing the third-stage performance curves toward lower values
of flow coefficlent and energy addition. However, no evaluation of the
varlous possibilities is made at this time.

Fourth Stage
The fourth-stage performance characteristics are presented in fig-
ure 9(d). The range of flow coefficlent covered is small and shows an
overlapping of the individuel speed curves, with all operatlon on the

negative-slope side of the curve of equivalent total-pressure ratio.

The higher than design values of pressure ratio and tempersture-rise
retio measured across this stage st deslgn speed combine to gilve an sctual
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value of adiabatic efficiency higher than that sssumed in the design of
this stage. Although the data in teble II (or fig. 6) irndicate a differ-
ence between the total temperature measured behind the rotor row and that
measured behind the stator row, either value shows that this stage pro-
duced =z higher than design energy addition, though reservations on the
quantitative values of the tempersture-rise ratlo and efficlency are
necessary.

Fifth Stage

The performance characteristics of the fifth stage are presented in
figure 9(e). Typically, the required range of flow coefflecient covered
by this exit stage is larger than that covered by the lntermediste stages.
Also, this stage operates exclusively on the negative slope of the curve
of equivelent total-pressure ratio.

At design speed the Tifth stage produced a higher than design energy
addition end pressure ratio at approximately the assumed design value of
adigbatic efficiency. However, because of the multiple factors affecting
stage performasnce, including blade camber, area ratio (or boundary-layer
blockage), efficlency, and so forth, no evaluation of the reason for this
performance is msde at this time.

Stage Matching

The gttainment of the compressor design-polint performsnce requires
not only that each individual stage reach its design performsnce but
that all stages reach thelr design points at a specific compressor weight
flow. The proper matchi of the stages 1s determined by the flow coef-
ficient, which is a measure of the average, or mean, axlal velocity
entering each stage. Flow coefficlent is affected by the design varia-
tion of effective flow ares and density ratio, which in turn depends
upon the production by each stage of its design pressure ratlo of the
assumed stage efficiency and the proper boundsry-layer blockage.

The point selected for & stage-matching evalustion was the design-
speed point at which the compressor produced the design total-pressure
ratio. At this operating point the higher than design welight flow forces
the first stage to operate at a higher than deslign flow coefflclent on
the choked portion of the curves of eguivalent total-pressure ratio. At
this mode of operation the first stage produced a lower then design total-
pressure ratio and work input. The combination of increased flow and
below design performance of the first stage should force sn increasing
difference between the design and the measured flow cocefficient entering
the second stage 1f the effective flow area is correct. PFigure 9(b)
shows that this did occur. This ie an additional indication that the de-
sign boundary-layer blocksge allowance across the first stage was correct.
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The second stage is now also forced to operate on the negative por-
tion of the curve of equivalent total-pressure ratio, with the consequent
below design performance, although the energy addition was alightly higher
than the design value. Contlimuing this type of reasoning across the third
stage, where both the stage temperature rise and pressure ratio are below
the design velues, it appedars that, if the design variation of effective
flow area is correct, a large difference should exist between the design
and measured values of flow coefficient entering the third and especially
the fourth stages.

Actually, figures 9(c), (d), and (e) show that the flow coefficilents
entering the third, fourth, and fifth stages continuously approach the
deslgn values, although the fifth stage had the asspistance of the fourth
stage, which produced s higher than design density ratio. This could
only occur if an excessive annulus area existed from the exit of the
first stage to the fifth stage. A further indication of an exceasive
annulus area extending to the compressor discharge is presented In ref-
erence 6. Design-speed values 1n figure 8 of reference 6 show that at
spproximately the design pressure ratio and slightly lower than deslign
efficiency, the compressor discharge velocity (axial in direction) was
lower thsn the design value even though a higher than deslign equivalent
weight flow flowed past this area.

Sources for this excessive annulus area include rotor blade over-
cambering, excesBive design boundary-layer blockage allowance, and as-
sumed. design rotor efficiencies that were too low. Indicatlons of over-
cambering of some blade rows have already been noted. From reference 5
the design values of weight-flow blockage factor were assumed for all
stages except the first one, and the gsssumed blade-element efficiencles
were believed to be low. From the first-stage exit to the fourth-stage
entrance where the measured efficlencies are below or approximately equal
to the design values and the stage performances are lower than design, the
ares allowances for boundary leyer are apparently too large and are the.
mein cause for the excessive annulus area. Across the remalning portion
of the compressor the relative effects of each of these sources on the
axial velocity, or annulus ares, could not be separated at this time,
although 1t is believed that the blockage allowance is responsible for
the major share of the excess annulus ares.

This evidence of overcambering in the inlet stages plus a higher
than design axial velocity diffusion throughout the compressor gives
further verificgtion to the speculation of reference 6 that this compres-
sor could not have operated at its deslign weight flow. Operation of these
inlet stages closer to thelr design flow coeffleients with the accompany-
ing increase in performance would have forced the latter stages over om
the stalled portion of their eguivalent performaence curves. The best
match point of the compressor appears to be attained In the speed range
between 80 and 20 percent of design speed, since in this regiom all the

x0T
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stages are operating on the negative-slope portlions of thelr stage
pressure-ratio curves at more favorable angles of attack than those at
design speed. This fact is reflected in the increased efflciency of the
Ffirst two stages as well as in the locatlon of the pesk over-all compres-
sor efficilency in this espeed range (see ref. 6).

SUMMARY OF RESULTS

The radial distributlons of performemce data &t speeds from 70 to
100 percent of equivalent design speed for a flow range from compressor
choke to approximste compressor surge have been tabulated for all stages
of a five-stage transonic compressor. From this dats plus the blade
geometric properties, any desired streamline paremeters may be computed.

From an analysis of the individugl stage performance, the followlng
conclusions were obtalned:

l. The first and second stagee showed definite Indicetlons of over-
cambering. However, at design speed the high losses assoclated with In-
let relative Mach numbers in the transonlic range and low incidence angles
(higher than design flow coefficient) caused both stages to produce a
lower than design pressure retio. The third stage did not produce design
energy addition at any point over its entire flow range. The fourth and
fifth stages operated closer to the pesks of thelr pressure-ratio curves,
and both produced g higher than design energy addition at deslign speed.
The effects of blade camber, asrea ratio (or boundary-~layer blockage), and
efficiency on the stage performance could not be separated and evaluated.
For the fourth stage some reservations on the quantitetive values of
energy addition and effilciency computed at design speed are indlcated
because of a difference 1n the temperature recorded behind the fourth
rotor and stator rows.

2. At the design-speed and designppressure-fatio point the combina-~
tion of overcambering of some blade rows and an excessive snnulus area
from the first-stage exit to the compressor discharge caused thils com-
pressor to seek an equilibrium operating cordition at a higher than de-~
slgn weight flow. Under these conditions the inlet stages were forced
to operate on the choked portion of thelr respective stage curves, with
gn sccompanylng depreclation of stage performance. However, the latter
stages operated closer to thelr pesk stage pressure ratios, thus produc-
ing the compressor over-all design total-pressure ratio although at a
cost of several points in the assumed over-gll efficiency.

3. The overcanbering and the excesglve values of annulus area, which
caused the stages to be mismstched vt design speed, probably helped the
low-speed performance, the best match point for all stages occurring in
the range between 80 and 90 percent of design speed.

Lewis Flight Propulsion Leboratory
Nationgl Advisory Committee for Aeronautics
Cleveland, Ohlo, July 26, 1956
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TABLE I. - RADIT FOR RADIAL-SURVEY POSITIONS
[Tip radius constant at 10 in.]
Radial Radius, r, in., at station -
posi-
tion 2 3 4 5 6 7 8 g 10 11 12
1 9.900{9.90019.200|9.900{2.900|9.800{9.900|9.900{2.900{2.900
2 9.850{9.850/9.850|9.850]9.850|8.850{9.850|9.900}9.900}9.900
3 9.650{9.600|9.65019.700]9.750|8.750(9.750]9.800|9.800}92.800
4 9.167}9.250(9.350{9.450|9.500|9.600{8.600]9.650]9.700|8.700]9.700
5 8.750{ 8.850{9.000({92.200}9.300(9.400|9.450]|92.500|9.550}9.550|9.550
6 8.33418.500}8.700}8.900|9.0501{9.150|9.2509.350]{9.400[9.400|9.400
7 7.50117.750/8.0508.400|8.550{8.750|8.850{9.000(|9.100|9.100|9.100
8 6.668{6.950|7.400|7.850]8.050}8.350|8.500]8.650(8.850|8.850]8.850
9 6.251}6.600(7.050{7.550|7.850(8.150{8.300{8.500(8.700(8.700{8.700
10 5.835/6.20016.700}7.300(7.600,7.800(|8.100|8.300}8.550|8.550|8.550
11 5.800(6.550(7.150(7.450{7.800{8.000}8.200{8.450|8.450|8.450
12 5.700(6.350(|7.000(7.350|7.700[7.900(8.150({8.400|8.400}8.400
Hub 5.456|6.064(6.764(7.102|7.502{7.720|7.976(8.11418.250!8.250
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TABLE II. - Continued. RADIAL DISTRIBUTION OF FERPORNANCE DATA FROM FIVE-ATAGE TRANSONIC COMPHESSOR
(a} Continued, Series 1.
2. 8pesd, BO-parcent design.

Ra.d.i.al atation 3 Station 4 3tatlon 6 Btation 6

posi-

tion |Pg/Pa|Tx/Tolpx/Pplip, deg| M |Py/PalTe/Toipy/Pa|B, deg| M |Pg/Pp|Ts/Tolps/FoiB, deg| M |Pg/Po|Te/Ta|pa/Palp, deg| M

Exheust-nozrla setting, 0; bleed open; wa/8/8, G61.77 lb/eec

Cuter

wall 1,114 1,118 1.408 1.4568
2 1.266/1,101)1,115| 41.2 |0.480|1.217|1.098(1.112|{ 2.5 |0,381|1.678|1.214(1.404]| 48.8 (0,512|1.691]1.2056|1.446] 4.9 (0.572
3 1,269(1,005|1.110| 36.8 A79(1.875|1.095(1,112| #£.0 446|1.706|1.206|1,400| 38.4 .558(1.656]1.205|1.450] 6.5 418
4 1.%00(1.084|1.104| 335.1 489(1.279]|1.087(1.108] 1.6 .467|1.718|1.,200|1.598| 37.1 ,B52(1.687]1.197|1.443| 6.1 478
] 1.202(1.081(1.098( =5.% «487]1,285/1.084)1.110 .6 | .488|1,708(1.188(1.330| 37.3 .55011.692(1,190|1,442| 5.8 478
8 1.287{1.088(1.094| %4.2 | .487{1.281|1.080(1,115 4 | .452|1.65%(1.181|1.%85| 7.6 ,645]1,686|1,181|1.454| 4.1 485
7 1.280(1.081}1.081| I6.2 .497|1.274|1.079|1.117| 1.8 .458)1.678(1.178|1.366| 38.8 ,649/1.689]|1.175|1.456] 3.8 445
a 1,874:1,077(1.084| 50.4 .514|1.287(1.076{1,120| 3,1 A25(1.878(1.172|1.343] 43.0 .588|1.651|1.160|1.455( 4.8 432
$ 1.269(1,077|1.054) 41.2 .5e2|1,265|1.074(1.124| 2.7 ,412(1.87211.188|1.558| 43.7 .573(1.645]|1.168|1.464| 4.5 424
10 1,269/1.,076/1.042| 42.7 | .536|1.261(1,072|1.125| 2.0 | .407|1.684]1.166(1.326| 45.2 | .577|1.5368|1.188[1.457| 4.7 413
11 1.£80(1.078|1.052] 45,7 B62(1,264|1.074(1,127| 2.7 .408(1,.662|1.158(1,.322| 48.8 .5682|1.847[1.170|1.4565| 5.8 487
12 l.288|1.082(1.026( 48.2 | .680|1.261(1.072(1.128| 3.8 | ,40%5(1.8688(1,172|1.318| 48.5 | .592|1.842|1,172]1.450{ 8.1 426

Exhmust-nozzle setting, 180j bleed olosed; wa/B/8, 49.9% 1b/Besc

Quter .

wall 1.127 1.154 1.414 1.476
2 1.29011.104|1.128( 4&4.1 [0.445]|1.228)1,102|1.120| 3.6 [0.381|1.6098]{1.217|1.410| 49.5 |0.520]|1.600|1.212(1.472| 1.3 [0.347
3 1.500|1.065)1.124( 39.1 | .481|1.259(1.096|2,121| 3.1 | .560|1,718|1.808|1.405| 45.7 | .544]1.830|1,212|1.472| 2.2 .385
& 1.505(1.084(1,118| S4.1 «471(1.286(1.088|1.119| 2.8 LAC4|1.72811.199| 1,401 | 40.1 «557|1.6868|1.200|1.475| 3.2 422
5 1.2068(1.082|1.114| 33.8 .470(1.2768|1.0384(1,181 1.8 .4565/1,717|1,190|1.504| %9.8 B65411.674|1.195|1.474( 4.5 451
& 1.20111.081|1.109| 34.2 | .471|1.278(1.08%1|1,122| 1,1 | .456|1.707|1.182|1.584| 29.4 | .556(1.6687|1.1B4(1.473| 2.7 ek
7 1,287|1.078|1.087| 38.0 .485(1.26811,078(1,188( 1.8 | .412]1.806(|1.176|1.374| 40.9 .B56(1.875(1.178|1.478( 1.8 427
a 1.278/1,078{1.081( 28.8% -4p5(1.265|1.076/1.15)( 4.4 | .404|1.685|1.170|1.554| 44.5 ,668(1.855(1,170|1.478| 5.0 403
9 1.273|1.075]11.072| 40.4 L604)1.288(1.07%|1.154{ 5.4 402]1.68111,167 1.§3M 45,8 .575]1.661]1.188(1.430| 4,9 589
10 1.272|1.074|1.061] 42.8 .51641.280(1.072|1.135( 3.0 ,588|1.578(1.186(|1.554| 48.6 .680]1.669(1.168(1.478( 4.9 400
11 1.278(1.075|1.061 | 44.P .558(1.268|1.075({1,158| 3.8 .38811.878(1,187(1.3527| 47.3 .680|1.662]1,167|1.478( 5.8 12
12 1.288(1.077(1,045 47.2 | .557|1.256(|1.077|1.158] 6.8 | .548|1l.865|1.171|1.517| BO.2 W602|1,642]|1.170(1.478| 7.4 +383

Exhaust-noxzle setbing, 120; blead olossd; wA/B/8, 50.44 1b/meo

Qutear

wall 1.188 1152 1.415 1,477
2 1.29211.089(1.1268| 42,6 |0.447(1,225|1,100|1.1108( 4&.2 |0.562|1.701|1.215|1.411| 4B.8 |0,524|1.586(|1.210|1,471] 6.2 |{0.342
3 1,304|1.089(1.124| 57.0 | 488(|1,261(1.094(1.117| 8.8 | .420|1.723|1.206|1.407| 42.8 | .548(1,834|1.207|1.472{ 7.0 .589
4 1.306(1.0801.119| 53,7 | .478|1.268/1.088{1.117| 4.5 | .428|1.750{1,195|1.403| 40.4& | .856(|1.881/1.200|1.474] 5.5 450
5 1.26911.079|1,112| 54.0 .478|1.275|1.086(|1.119 5,7 435]1,719|1.187|1.396| 30.4 L55411.6688|1.197|1.478] 4.7 TS
8 1.285|1.076}1..107| 34,9 47T|1.279|1.086]1.12]1 3.7 438[1.705|1.180/1.%99| 58.6 ,548|1.695(1.182|1.480| 3.9 A2
7 1.2686|1.076|1.094| 36.9 +486|1.271]1,077]1.125 | 4.9 428(1.694]1.175|1,3574| 41.4 | .B56|1.679]|1.174|1.481| 5.8 427
8 1.27811.075(1.,077| 39.8 .600|1,288|1,076(1.129| €.8 A1111,688|1.188|1.355) 44.6 .b8911.686|1.163|1.4856| 4.2 408
9 1.275|1.074(1.069| 41.0 | .B05[1.286(|1.076|1.132] B.2 .40211,885(1,188]1.344| 46.8 | .578|1.686|1.170|1.484| 4.0 +409
10 1.273|1.075|1,067| 42,5 | .522(1.267(1.076(1.152| 4.8 .589(1.681|1.166|1.5%2( 48.8 .586(1.660(1.170]|1.483| 4.1 404
11 1.280|1.073|1.048| 45.5 | .55@|1.265(1.078(1.134| 8.0 | .508|1.884|1.165/1.524| 47.5 | .596(1.689|1.170|2.482| 6.2 A4l8
12 1,28911.078|1.042| 48.7 | .560(1.255|1.078]1.156( 4.7 | .578)1.688[1.171|1.316| 50.4 | ,808|1.6867(1.172|1.482| 6.2 4LS
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TABLE II. - Contirued, RADIAL DISTRIBUTION OF PERFORMANCE DATA FROM FIVE-STAGE TRANSONIC COWPRES3IOR
(a) Continued. Beries 1.
2, Canoluded., Speed, B80-percent design,

(07

Hadial Station 3 Station 4 Statlon 5 Station 6

posl-

tlan |Pz/Pa|Tz/Ta|pa/Fo|B, deg| M |Py/Po|T / To|lpa/Pa|f, des| W |Pg/Po|Te/Ts|ps/Pp|B, deg| M (Pp/Po|Te/Tolps/Ps|B, deg

Exhaust-nozzle setting, 300; hleed closed; m\/ET/ﬁ, 47.456 1b/=eo

Outer

wall 1,150 1.138 1.416 1.489
2 1.505(1.115|1.150| 53.2 {0.457|1.224(1.112|1.136{ 2.9 |0.328|1.711]|1.238|1.413| 55.6 {0.5%1)|1.608|1.227|1.488] 6.8
3 1.501(1,105(1.128| 45.5 | .455|1.232(1.102]/1.134] 2.8 | .346|1.706|1.227|1.408| 50.35 | .551]1.618|1.218|1.488| 8.4
4 1.304(1.001)1,127| 37.8 | .461|1.235/1.094|L.132| 2.8 | .356(1.708]|1.217|1.402] 46.0 | .537|1.639(1,210[1.487| 4.8
5 1.305|1.090|1.125| %6.8 | .486(1.254|1.088[1.129] 3.4 | .390(1.71Q{1.202|1.334] 43.8 | .547|1.647|1.204|1.487] 5.3
6 1.3031.088|1.121| %6.4 { .489(1.271(1.085{1.128] 3.7 | .416|1.704|1.194(1.388] 43.0 | .552|1.652(1.195|1.487| 5.0
7 1.29771.082)1.111| 38.2 | .475(1.280|1.079{1.127] 4.5 | .430{1.699|1.180(1.789| 42.8 | .564|1.675(1.180|1.488( 4.5
a 1.28611.078|1.095( 40.4 | .484|1.265|1.077{1.134] 3.9 ) .398(1.894|1.175(1.349| 44.6 | .579|1.669|1.173|1.490| %.8
9 1.280{1.075|1.088| 42.1 | .488|1.270{1.075|1.135] 3.7 ] .404|1.886|1.167|1.337| 46.5 | .586|1.657|1.170|1.450| 3.5
10 1.276{1.07511.078| 45.4 | .488]1.262/1.075|1.139] 5.2 { .386[1.686|1.165{1,325) 48.9 | .587|1.667|1.189{1.480| 5.8
11, 1.286]1.071|1.070| 48.8 | .519(1.2687/1.075{1.139] 3.8 | .38%|1.8987|1.164|1.317| 48.0 | .605|1.669(1.171|1.480| 5.0
12 1.292|1.078|1.065{ 48.0 | .534(1.273]1.079|1.1381 3.4 ( -405{1.887|1.173]1.308] 50.4 | .614|1.662|1.175|1.490{ 5.9

i Exhaust-norzle setting, 240; blsed olomed; wa/B/5, 49.89 1b/eac

Outer

wall 1.128 1.137 1.417 1.488
2 1.297(1.103]1.124| 42.8 [0.456(1.235(1.10111.134| 2.7 |0.347|1.704|1.220{1.412| 50.0 {0.525(1.619]1.212]|1.485| 4.2
3 1.505/1.095{1,121| 36.8 | .469|1.256|1.093]/1.1535| 2.5 | .388|1.719|1.213)1.408| 45.1 | .542(1.828B|1.210]1.488| 5.2
4 1.306(1.084]1.119| 34.2 | .474{1.267|1.086(1.131] 1.4 | .406|1.728|1.203|1.405| 42.2 | .554[1.887;1.202{1.487| 5.7
5 1.293(1.084(1.116] 34.0 | .464(1,280|1.078|1.130 .7 | .426]1.728(1.197|1.396| 40.5 | .561|1.676{1.154|1.480] 5.1
& 1.289(1.080]|1.110| 34.4 | .466(1.282(1.075(|1.130 .68 | .428(|1.713|1.168¢|1.388| 40.0 | ,557[1.891]|1.181|1.492]| 2.0
7 1.286|1.076/1.106| 36.8 | .470|1.278(1.073|1.132[ 1.4 | .417|1.702|1.176|1.371| 41.2 | .s85|1.684|1.175]1.491] 1.5
8 1.282{1.078]1.095] 3§.5 | .480|1.274|1.070|1.138) 2.8 | -403[1.694|1.170|1.351| 44.6 | .577|1.671|1.166|1.494| 2.5
8 1,278{1,076)%.08)| 40.7 | .494[1.271|1.072|1.140] 2.1 | -358{1.887|1.165|1.339| 45.7 | .584|1.869|1.184}1,492] 1.7
10 1.27311.074|1.074| 41.8 | .498|1.265|1.068|1.141| 1.7 | .387|1.584|1.185|1.328] 46.9 | .555|1.6€8[1.164}1.494( 2.4
11 1.268|1.076(1.066| 44.8 | .505|1.271|1.072|).141] 2.5 | .396]1.682|1.165|1.321| 47.9 | .588(1.678|1.167]1.450] 5.3
12 1.285|1.074(1.058| 48.0 | .511|1.270|1.07211.141| 2.8 | .5984[1.881(1.167|1.314| 50.6 | .805|1.886/1.184|1.488{ 3.5
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PARLE XI. - Continued. RADIAL DISTRIBUTION OF PERFORMANCE DATA FROM FIVE-ITAGE TRANSONIC COMPRESSOR

(a) Continned.

3eries 1.

3. Speed, BO-peroent design.

Radisl 8tation 3 Station 4 8tation 5 3tation B

pori—~

tiom PS/PE|T5/T2|p5/PE B, m;] M P‘/P;lTMI'e‘p‘/PE B, degl N Psf?glmy‘ralps/rg B, degl X Pe/PEJ TE/‘I'ElpG/PEJﬂ, degl N

Exhauat-nozzle setting, 0; blead open; wa/8/6, 65.35 lb/seo

Quter

wall 1.110 1.102 1.458 1.554
2 1.553511.127|1,108| 41.0 |0.5235(1.261(1.125,1.089| 1.8 1.269{1.496| 45.8 |O0.566|1.745!1,261|1.540| 4.6 |0.428
3 1.374(1.116|1.105| 33.0 ,570(1.34511.114,1.001] 1.8 1.259(1.494| 38,8 ,811/1,808)1,265|1.539| 8.8 hB4
[ 1.579|1.107(1.087| 50.5 ,5B81(1.354(1.1C6|1.083 1.8 1.245(1.491| 3B.9 ,055|1.887|1.246|1.540| 6,2 548
5 1.5687|1.100(1.090| 50.8 L877|1.561(1.098|1.100 w1 1,283|1.486( 36.2 .629|1.905/1.235(|1.545| 5.0 B33
[ 1.352|1.086|1.086| 50.6 ,570]1,554(1.084(1.105| -1.2 1.222(1.476| 35.8 .621|1.896]|1.222(1.550!, 3.1 544
1 1.539(1.082|1.071] 32.8 +574]1.553|1.080(1.101| -.2 1,215(|1,.458| 38.2 .616|1.660|1.211|1.567) 2.3 511
8 1.544(1,092|1.062| 35.6 .602]1.554(1.0390/1.1056| 1.8 1.2081{1.43%| 42.0 .627]|1.844(1.,208|1.566f 4.0 499
] 1.344{1.082|1.042] 37.7 .615)1.334|1.090(1.108( 1.8 1.20711.417| 43.2 554]1.85111.206|1.557] 3.2 AB7
10 1.541(1.092|1.027| %9.8 .629(1.533/1.091(2.110| 1.4 1.205|1.404 44.6 .640|1.826/1,208|1.552] 3.7 487
11 1.359{1.082(1.,018| 42.6 .84011.328)1.082]|1.110 1.3 1.207|1.385| 45.4 .64611.82911,208|1.568] 4.6 . &D2
12 1.357|1.099|1.008| 45.5 .666/1,3158|1.096/1.115] 1.4 1,215|1.386| 48.7 ,666|1.8356(1.,213]1,657| 4.9 491

Exhaust-nozgle satting, 155; bleed closed; wa/B/8, 62.40 1b/nec

Outar

wall 1.128 1.1289 1.553 1.607
2 1.385|1.128]|1.125| 41.6 |0.553(1.292{1.126]|1.112] 3.4 L.274|1.629| 47.0 |0.576]|1.784{1.265|1.585| 4.7 |0.424
5 1.592|1.118(1.120| 55.8 .536|1,.566|1.116|1.115 .B 1.283(1.6268( 41.0 .80711.846)1.260(1.58%| 6.7 475
4 1.399(1.105(1,11%8| 31.1 .B582|1.576]1.108(1.115| O 1.260(1.521! 37.4 .618|1,918|1.2580|1.68%| B.6 B3l
B 1.588(1.108 (1,108 | &0.8 678 |1.5768]1,100(1.121| -1.0 1.230(1.814| 57.3 .821]1.924]).259(1,589| 4.3 B30
8 1.372!1.098(1,100| 51.5 .571]|1.38611.095/1.,125] 1.8 1.2¢68|1,B604| 37,4 ,814|1.,918|1.228|1.696| 2.6 580
7 1.568(1.008{1.086]| 52.8 .589|1.344|1,081|1.125] -1.6 1.221(1.485| 40.0 .820{1.888|1.214(1.6896] 1.8 498
8 1.351(1.09411.067| 36.3 .580(1.541(1.002(1.13Q| ~.7 1.216|1.459| 43.5 .627]1,868|1.213|1.600| 5.2 476
a 1,555{1.095)1,055| 38,2 ,808 11,3598 (1.092(1.135] =-.8 1.210(1,.44%5| 44.8 .62611,860|1,211|1.696| 2.8 AT2
10 1.364|1.004(1.042] 40.2 | .824(1.3365(1.09%|1.134]| ~1.0 1.209]|1.427| 46.8 .854]1,.880|1.210(2.598| 3.0 ATE
11 1.564(1.096 |1.030| 43.2 «63811..335/|1.004]|1.138 -8 1.,211(1.418| 48.9 .645]|1.856|1.214]|1.595| 4,2 +AT8
12 1.370(1.105 [1.021 | 47.0 .662({1.327(1.098(1.145| -.2 1.£19]1.410| 45.8 .680|1.857|1.217|1.5587( 4.7 478

Exhaudt-nozzle sstbing, 75; bleed closad; wa/8/6, 61.80 lb/mec

Cuter

wall 1.157 1.129 1.525 1,593
2 1.367{1.129(1.15]1 ( £1.5 |0,626|1.286(1.122]1.116| 2.8 1,286(1,620( 47.2 |0.58CG|1.777(1.266(1.602| 5.8 |0,399
3 1.398|1.115(1.128 | S4.4 .b61]1.361|1,111|1.116| 2.8 1.266|1.513| 40.4 .808|1,.820|1.24D,1.60%| 5.6 Iy o]
4 1.5968|1..0541.121| 51.0 .569(1.57011.105]1.116] 2.0 1.244(1.507| %7.8 .830]1.90B|1.244(1.594| 5.2 .5l4
] 1.581]1.0974{1.115| 31.7 .562)1.35691.008|1.118 .8 1.252(|1.498| 38.3 ,685]1.915|1.255(1,698| 5.7 516
6 1.369|1.096 (1,109 | 52.2 | ,658|1.%5608|1.0p2|1.121]| =-.1 1.2p1(1,.488| 38,1 .812]1.,908|1.221(1.602| 1.8 508
7 1.355|1.00411.093 | ¥5.4 | .bbk|1.540|1.0B9]|1.127 .6 1.215(1.470| 39,9 B14]1.884]1.210(1.6804| 1.5 485
8 1.548]1.082]1.075| 37.2 .57011.556|1.087(1.150| 2.0 1.208|1.447| 45.6 .621]11.662|1.206|1.808] 2.4 465
9 1,544(1.090 (1,085 | 58.2 .587|1.538|1.086(1.151| 2.0 1.204|1.435| 45.0 | .621|1,850|1.204|1.802| 2.1 .4b8
10 1.541|1.095 [L.061 | 40.4 ,800]1.350|1.087(1.154( 1.5 1.204|1.418| 46.5 634]1,665|1.204]1.603| 2.4 1483
11 1.544|1.003 |1.038| 435.6 .8181(1..350|1.000|1.156| 1.9 1.209|1.409| 48.8 .B45|1.854)1.206]|1.599| 5.0 465
12 1.562|1.099 (1,020 | 47.1 ,64811.317)1.005(1.140| 2.8 1.214|1.387( 49.8 .664|1.656|1.211|1.699 4.7 .468

Negatlve angles signify turming past axlel dirsetion.
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TABLE IT. - Contimued. RADTAL DISTRIBUTICN OF PERFCRMANCE DATA FHOM FIVE-STAGE TRANSONIC COMPRESSOR
(a) Contimed. Sarisa 1.
3. Concluded, Spesd, 20-percent design.

Radial] Statlion 3 Station 4 3tation B Station 6

posi-

tion | P3/Pp{Ts/Ts| pe/Pa M Ty/To|pe/Pa|B, deg| M |Pg/Po|Ts/To|ps/Pa|B, deg| W {Pg/Fp Te/To|pg/Po| B, teg| N

Exhaust-nozzle setting, 330; hleed closed; wa/8/8, 53.36 1b/sec

Cuter

wall 1.162 1.171 1.584 1.672
2 1.407|1.144|1.181 0.631 1.131(1.167| 2.9 |0.430|1.872|1.281|1.578| 46.6 |0.575j1.850]{1.273|1.871| 2.6 |0D.384
3 1.42511.128(1.180 549 1.122|1.163| 2.0 LAB8|1.699(1.271|1.672| 41.8 .B97|1.878{1.270(1.671] 4.8 412
4 1.429{1.114(1.135 .B60 1.11211.180 8 .516|2.015(1.269(1.686) 39.1 | .611|1.P50{1.258(1.670| 3.1 475
5 1,400|1.110(1.150 D47 1.102|1.187f © .525|2.002|1.247(1.564| 39.2 | .612|1.944|1.248(1.67¢] 2.2 472
6 1.382]1.104(1.143 557 1.10011.157} ~.7 } ,G615|1.871|1.256/1.644| 38.8 | .602|1.p82|1.234[1.668] .8 480
7 1.365(1.102(1,150 .526 1.09411,158f -.2 +490]11.934|1,225]|1.524| 42.7 | .594[1.816|1.2241.865 O 4B
8 1.356(1,088{1,11) «540 1.092]1.161| l.4 ]| .471]1.911)1.217|1.499| 45.6 | .600(1.878|1.220|1.668] 1.8 .418
2 1.351(1.094)1.100 548 1.090]|1,164| 1.4 .45911,808]1,215|2.484| 48.6 | .809{1,B76|1.216|1.661 .7 .420
10 1.54811.094)|1.087 .563 1.092|1.186 £ ] .4B0(1.803|1.211|1.470| 47.6 | .619|1.878|1.218]1.860| 1.8 .423
11 1.357(1.100(1.078 582 1.09Q|1.167] 1.8 445]1.80611.215|1.456] 48.1 | .626|1.6880|1.218|1.656| 2.4 429
12 1.874]1.102|1.071 . 508 1.00811,168| 8.4 441|1.917]|1.221|1.447| B2.4 | .647|1.8687)1.220|1.858| 3.0 414

Exhaust-uozzle satting, 240; bleed olosed; wa/B/8, 61.65 1h/sec

Outer

wall 1.138 1.142 1.562 1.834
2 1.384(1.130{1.155] 41.0 (0.540 1,12411.142| 2.9 {0,438}1.931|1.272|1.562| 4B8.0 [0.559|1.811|1.280|1.634] 5.8 |0.386
3 1.4021.11611.1352| 33.4 .56 1.112]1.1431 2.1 .51811.977|1.267|1.558| 41.4 { ,595|1.868]|1.260]1.634] 4.8 hd2
4 1.40811,101|1.126| 50.5 | .574 1.104|1.143| 1.6 | .525(1.8908|1.248|1,565| 38.7 | .610|1.937|1.245|1.633] 4.6 .439
5 1.598|1.089|1.120| £9.8 572 1.087|1.144| O .b37]|1.9682|1.238|1.648} 38,1 | .604|1.948j1.235|1.6335] 5.0 . 508
-] 1.386(1.082(1.113| 0.8 .568 1,004|1.144| -.8 525]1.947|1.826|1.540| 57.8 .589]11,9368|1.227|1.632 .9 .501
7 1.58111,088(1,093| 32.8 861 1.085|1.143| 0O 50211.930(1.212]11.521| 39.8 | .585|1.904(1.208|1.631 iy 4785
a 1,288!1,000(1.080| 38.3 .582 1.088|1.140| 1.4 49411.898(1.210|1.488| 45.8 | .5580|1.870|1.208]1.629| -.7 e
9 1.362.1.088{1.070| 38.1 .588 1.08811.159| 1.8 | .480]1.985|1.201]1.485) 45.1 .596|1.868|1.206|1.629] 2.3 438
10 1.347°1.088(1.058| 9.9 299 1.085|1.137] 1.5 478|1.882|1.204|1.471} 48.3 .803|1.866|1.199|1.628]| 2.1 437
11 1.350!1,.090(1.046| 42.5 624 L.071|1.136] - .514]1.88111.204|1.463| 47.0 | .6810|1,894|).202]1.627] 2.9 470
12 l.373|1.092 1.058]| 45.4 848 1.08)11.136| =~-- | .518(1.901|1.214|1.455! 50.8 .650]1.8680|1.210{1.627| 4.1 460

Negative angles slgnify turning past axizl directiom,
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TADTE TI, - Contirmed, RADIAL DIATHIEUTION QF PERFORMANOK DATA FROM FIVE-STAGK THAWBONIC OONPREAMCH
() Gonoluded, ®eries 1.
4, Spead, 100-percent demign.

¥2D8SH WY VOVN

Aadtinl Btation 3 Atatlon ¢ Statica 8 Stakion 3
posd,~
Yoo [ry/raltetaoarrole, ad x [eurefrmaloumilp, ase] W [rs/malnsme|vs/relp, aas| W |oarveremalvasials, aes| x
Exhmust-noxsle sesting, 0; bleed open) wA/T/0, 60.8 Yb/mac
Cukar
wall 0,989 1.018 1,407 1,500
2 1.185(1,141| .098) ¢2,7 |O,504|1,164]1,115(1.018 1.776|1.515|1.415| 51,4 |0.5381|1.876(1.068|1.501| 0.0 |C.400
3 1.854|1,122|1,004| 28,4 | .561(1.205]|1,106(%.00 1.844)1.£09|1.418| 55,6 | .824|1.723|1.260|1.502| 1.9 447
& 1,50%(1,105(1.015| 2%.8 | .807|1.266/1,008(1.003 1.006|1,805|1,4204 55,98 «B550|1,A20 1,275/ 1.506 8 555
5 1.552(%,108|1,020| 25,1 | .6£9(1.506/1.096(1.027 3,858(1,874]1,407| 55.4 | .B74|1.865|1,2841.507F .5 »580
] 1.368(1.11311.004| R5.0 | ,845|1.389|1.068(1.030 1.584|1,088|1,451| 56,5 | .890|1.813|1.2%811.518) © 590
T 1.417(1,111[1,025| R7.8 ,808|1,38811,008(1.048 2,001|1.285|1.434] 38.2 S0 1.957|1.251).505| © 810
-] 1.428(1.107|1.080| 20,7 | ,7207{1.400]|1.084|1.057 2.026(|1,251]|1,430] 36.% | .72411.588|1.8541,5%8]| © +821
] 1.41801,108|1,015 3:.0 ) ,7T08|1,38A]1.084]1.082 2.041|1.487)1.422| 3T.4& | .756]1,985|1.25801.538| ~.2 -817
10 1,409(1.108{1.008] 32,2 | .708]1.368]1.094().08%: f,028]1,285|1,424| 358.8 | ,758(1,871|1.B834 1.6 ~,1 -808
A S 1.40%1,102]1.005] 34.9 ) .709]1.368|1.006(),064 1.880|1.2358|1.404| 39.9 | .728{1.949]1.2541.534] .7 585
2 1.412]1.112| .908] 58,81 ,TR1[1.388]1,102|1.08% 1.807|1.244]|1.5384 - L756{1.000|1.24001.554] 1.5 362
Exhaust-nosxle set oed oloned; wa/F/B, BR.99 1b/mes
Oatar
wall 0,668 1.0024 1,443 1.5858
2 1,197(1.132| .saa| 45.5 |0.m6}1.167{21.125(1.00%| ~1.B |0.4368|1.845]1.517{1.448| 55,7 [0.803(1,747|1,307|1.560| 0.8 |0.3688
3 1.8¢6(1,124{1.001] eo.8 | .870[1.245|1.1201.003] -1.7 | .BAL|L.GO04[1.305]1.444| 41.7 | .O41]1.770(1.304]1.588| 8.2 A8
[ 1.306(1.1 ,008| 5.4 | ,824|1.284{1.112|1.028] -1.5 | .977|1.067|1.29L)1.446] 37.2 | .077]|1.879|),043]1,.588 1.7 817
8 1.344|1.110]|1,010] 28.% | .s52[1.525{1.11R|1.050] ~.6 | .610|1.2€9]1.270]1.440| 3.0 | .688|1.411(1.985|1.570| 1.7 057
] 1,589|1.108(1,014]| 27.4 | .860|1.340(1.120|1.057| =~.8 | .618|R. 1.26911.454| 38,0 | .704().801(1,27B|1.578| 1.9 g1}
7 1,427|1.227(1. #8.5 | .711]1.599]1.114(1.085 .5 | .650|2,048(1.285]1.482| 37,1 | .7ML0{d.0)7[]1,085]1.688] i.1 087
-] 1.455]11.108])1.015] 32.1 J128]1.400(1.112|1.088 8 844)2,087(1,2611{1.488( 37.0 .T0|4.020(1,287|1.598 - et
'] 1.485]1.108)|1. 58.8 .78|1.402/1,100|1.070| © LB58]|2.084 |1.245|1.470| 38.1 LTO8|1.905)1.26%|1,08968| -.8 .B78
10 1.414]1.208]1, 35,1 .718{1.387|1.107|1.089 4| J850|2.048 (1.241]1.450| 40.5 | ,712(1.902|1.840|1.E97 -] .18
1L 1,407|1.110]| .008| 37.7 | .720|1.30&|1.111|1.08% A | .B20|R2.082(1,241]1,455| 41,2 | ,702|1.881|1.287)1.095) 1.4 B3]
12 1.425|1.118) .e9)| 40,8 | . 1.588(1.10]1.078| © L808|£.018(1,208|1,682| 44,8 | .702(1.075|1.281]1.005| R.2 B84
Exhpunt-noguis petbing, 2155 blesd sloasd) wa/F/3, 80.74 1b/sec
|ouber
wall 1.008 1,082 1,458 1.884
2 1.015|1,148]|1.010| &4.4 [0.018]1.178 (1.128]2,052| 1,3 |O.440|1.872|1,.534 (1,.487| B4.5 {0.600]1,76041.310|1,.647| 1.7 |0,377
3 1.B80|1.121|1.0082( 30.3 B46(1,247(1,10011.034] =1.5 B0e|1.009(1,.515(1,488| 43,5 | .£38]1,780]1.308]{1,500| 4.8 Nt
+ 1.31¢]1.211(1.015] e8.0 | .M19|1.08,|1.108(1.057] -1.4 | .BES|1.077|1.254|1.485| 5.4 | .es3{1.008]1.983]1.583, 2.2 S1e
-] 1.342(1.115(1.018( 27.2 | 6431, 3(1.,104[1,045| ~-.B | ,808|2,018(1,288(1, 57.3 | .891|1.959]1.0840)1,.E04| Q.2 .-
[ ] 1.382]1.115|1.028| £7.7 ,050(1,38) (1,104 (1,047 -,8 814 |2.048 (1.276 |1.480} 37,0 .7T00|1.97911.86T0|1.800 2.5 568
7 1.4P8/1,100(1.018| £9.7 | .717|1.407(1,104(1,088 5 | ,851|3.0811.248]1.465] 37.8 | . £.030]1,288) 1,408 1,8 581
] 1,427|1.115|1.008| 32.8 | .728|1.413(1.004 (1,008 W1 | J844|R.060(2.0881L. 4441 37.5 | T30 E.Dlﬂil.ﬂ‘? 1.8100 4.3 1]
[} 1.418[1,111] ,998| 35.B | .724|1.400(1.104[1.07R 1| .680|2.068(1.245|1.435( 58,0 | .758|1.98811.242(1.8137 O 560
1] 1.408|1,109| .920| 85.7 | .7e7|1.304|1. 1.091 © 500 (2.081 (1,243 (1,483 | 40,7 | 73R|1.962|1.244|1.814! .8 .BED
11 1.40011.109| .984| 57.7 LT28|1,389|1.104|2,0%( O L82RfR.018 (1,247 |1.415] 41,7 | .7E9|1.061(1.240|1.812| 1.8 580
18 1.413]1.117] .980| 41.8 | .7¢4|1.%82(1,008|1,088| -,4 | (BIM}2.02¢[1.250(1.401| 45.8 | .745|1.970(1.280(1,607| 5.1 BBl
Ehenst-noxxle satting, 240; blasd cloned; wa/5/8, £6.57 1b/uec
Ootem
wall 1.000 1.488 1.885
£ 1.909 (1,148 (1,008 45.8 1.884 (1.526|1.488| 54,8 |0.504|1.7585/1.315| 1,885 1,3 |0,382
3 1.268 (1.124 (1,008 30.8 1.007|1.510|L.487| 43,1 .644/1.001(1.%07| 1. 860 B.8 LAR8
4 1.527|1.107(1,012| @4.]1 1.9586 [1.294|1.486| 39.0 | .885|1.905(1.258|1.694| R.5 508
] 1.348(1,117(1.018| 27,1 1.990|1.686|1.488| 38,0 | .576|1.048(1.2082|1,800| R.R 584
[} 1.377(1.,)17|1.08 | 28,6 2.056 [L.200|1.480 | 37.3 | .704|1,088(L.274|1.809]| R.3 2581
7 1.441(1,117(1,050| 50.5 2.056 |L.256]|1.488| 37.2 | .71B[R.0RE|1.R82|1.817 R.1 576
8 1.426(1.119(1.027| 30.5 2,088 |L.252|1.452| 37.4 | .725|2.015)1,3244|1.681) ~.8 586
'} 1.484(1,105(1.020 34.4 2,040 |1, 240|1.444| 30.8 LTRL|2.008|1.248]1.800| O «5TR
10 1.416(1,105(1.010( 55,7 2,00 |1.238]|1.454| 40.8 | .79[1,980|1.244|1.817| .8 548
11 1.405|1.108| 998 3A.8 2,000 [1.200{1. 424 41.7 | .7A5|1.986|1.245(1.814| .& .662
g 1.417(1.113| .030| 42.2 2,005|1.252|1.415| 465.8 | .785|).P84[1.247|1.818| .2 .B38

Negative angles algnify turming past sxial dlrestion,

ee
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TABLE YT, - Contimued. RADIAL DISTRIBUTION OF FERFOAMANCE DATA FROM FIVE-BTAGE TRANSONIC COMPRE3SCR

(b) Series 2,
1. Spead, 70-percent design.
Redial 3tation 7 Station 8 Btation 9 Station 10
posi-
tlon |Py/Pp|T4/Ta|p7/Pa|B, deg| W |Pg/PpiTa/Tn|pe/Pa|P, deg| M |Pg/Pa|To/Toipg/Pa|B, deg| M |Pig/Pa|Tio/To|P10/Pp(B, deg
Exhaust-nozrle satting, O; bleed open; wa/8/8, 41.75 1b/Bec
Outer
wall 1.560 1.604 1.831 1.8358
2 1.764[1.257|1.659] 42.2 |0.424().717|1.8252(1,.606| ~0.7 |0,31.1|2.025(1.285(1.828| 55.68 |0.3683(1.975 |1.292 |1.839 | -3.8
3 1.777(1.234}1.568] 38.3 .438(1.736|1.250|1.808( 1.8 .555|2.058(1.280|1.828( 32.9 L408(2.017 |1.290 }1.838 -8
4 1.791{1.25111.556| 54,8 .454|1.762(1.223(1.807 l.4 ,565(2,004(1.280(1.827( 30.4 .438|2.040 |1.285 (1.8339 7
5 1.800|1.202:1.564| 33.6 .464|1.770|1.219|1.608| 1.1 .373[2.101(1.282(1.825] 30.1 4Db4|2.087 [1.281 |1.841 :
6 1,802)1.211|1.660| 52.8 .489(1.7868|1.210(1.609 ol .588|2.101(1.275|1.823| 29.4 456]|2,084 [1.272 |1.841 -2
7 1.809}1.202|1.545| 33.3 L480{1,798(1.201|1.812| =.9 ,568(2,102(1.260(1.819] 28.8 .480:2.00]1 |1.268F |l.842 | -2.1
] 1.81001,198]1.558| 36.1 .4088|1.795/1.187|1.814| ~.8 392|2.100]1.252(1.815| 29.7 L485(2.075 |1.267 [1.841 | -35.8
9 1.80711.194)1.535| 56.6 480|1.792|1.18541.6165| -1.0 .289|2.098|1.251(1.812} 30.9 463 (2.071 |1,261 [1.840 [ -3.7
1¢ 1.807}1.19211.526| 58.4 .496]1.766]/1.19511.5818 2 .591|2.085|1,260]1.808| 33.2 464]2,08] |1.264 [).839 -2.5
11 1.805|1.185;1.5221 40.1 .496(1.800(1.197|1.617] 2.3 39412.093|1.254(1.807| 56.0 4083|2.,084 |1.252 [1.838 -1.6
12 1.808f1.201]1.619] 42.5 .50511,720|1,202[1.818] 3.6 584 2,0951.261}1.808| 37.3 485]2.084 |1.254 |1.838 B
Exhaust-nozzle setting, 50; bleed closed] wa/8/6, 40.48 1b/sen
Outer
wall 1.667 1.618 1.852 1.838
2 1.778|1.245|1.566| 45.56 [0.431|1.716(|1.237|1.819| 0.2 |0.290|2.062|1.500|1.861| 37.5 {0.398|2.000 |1.298 |1.875 | -3.6
3 1.7191]1.242]1.564| 39.8 A45]1.740|1.256(|1.620] 1.9 .521./2,087(1.301|1.850} 34.4 .420]|2.036 |1.287 |1.874 -2
4 1.804}1.236[1,563 36.8 .458]1.764(1.231|1.621 1.8 .550|2.104|1.208|1.8481 352.4 .436|2.074 |1.297 |1.875 1.5
) 1.804|1.228|1.559| 568.0 .4B1]1.770|1.226|1.822 1.8 .556(2.118]1.290]1.847] 32.0 .447]{2.087 |1.291 |1.A76 1.2
] 1.807|1.219]|1.556| 355.0 .488]1.783|1.222(1.624 .9 .38712,116(1.282]1.848| 51.4 A47]2.101 }1.287 |1.876 .2
7 1.5807]1.206|1.648| 56.1 .4768|1.795:1.207(1.628 w2 57612.114|1.2687]|1.842) 50.8 .449(2,102 |1.273 {1.876 | -1.8
3] 1.80711.188|1.542| 56.6 .483|1.795)1.1689|1.831 ~-.9 37512.114|1.280|1.838} 32.0 .452|2.088 |1.262 |1.878 | -2.7
g 1.802]1.19641.538| 57.8 .484]11,798]1.199(1.630) -1.1 .376|2.111(1.268|1.837( 32.4 .45112.092 [1.281 |1.87& | -3.3
10 1.801]1.195(|1.632] 59.4 496]1.802}1.196|1.629 .2 58212.114(1.256]1.854| 34.8 .457[2.101 [1.258 }1.873 | -2.8
11 1.808(1.196]1.328( 40.7 .49411.805]1.199|1.628] 2.2 «584|2.108{1.280|1.851| 37.2 .45212,101 }1.257 |1.872 | -1.4
12 1.804({1.200|1.527| 43.0 L506011.795(1.2051.627| 3.3 .57812.11211.284]|1.829) 39.0 .459(2.102 [1.259 [1.871 | -1.0

Exhmust-nogsle setting, 100; bleed clesed; wa/8/8, 40.30 1b/Bea

Quter !

wall 1.688 1.626 1.861 1.886
2 1.782|1.244|1.667) 44.2 |0.453(1.750|1.24011.628| ©.2 (0,297|2.080|1.303|1.860| 38.3 |0.404|2.021 |1.301 |1.888 | -5.2
3 1.799]1.245{1.556| 40.4 | .450|1.744|1.238/1.629| 2,1 | .314(2.108|1,305|1.859} 35.2 | .428({2,068 (1.302 {1.889 .5
4 1.811|1.257(|1.564| %7.8 .463]|1.768|1.235|1,852| 2.3 .541(2.121]1.%01}1.868| 33.4 .433/2.088 |1.300 [1.880 1.8
B 1.816(1.252|1.562| 36.8 | .470|1,.789|1.228|1.655| 2.0 | .540(2.152)1.293|1,857| 32.9 | .44P(2.08% [1.285 [1.890 1.4
3] 1.818(1.222(1.559] 56.0 LA75]1.78111.224(1.635| 1.3 352|2.120(1.287|1.856| 32.5 448|2.104 |1.291 [1l.891 Y
7 1.816(1.205/1.663| 36.9 L.478(1.797]1.209|1.637| O 367(2.119(1.270(1.855| 31.5 A43]|2.216 |1.278 |1.891 =1.3
8 1.811(1.198|1.547| 37.0 L481§1.797|1.201|1,638] -1.0 .568|2,12211,269|1.849( 32,3 A48]2.109 }1.288 [1.8°1 -2.6
] 1.81111.194|1.5435| 37.4 L4B4]1.799(1.201}1.638] -.8 .369|2.124(1.257{1.84T| 32.8 452|2,110 (1,286 |1.890 | -2.5
10 1,B816|1.198(1.538| 39.8 .48311.801]1.200(1,.637 2 372|2.127(1.260(1.845| 35.4 ,45612.112 |1.252 {1.889 [ -2.5
11 1.810)1.198|1.557| 41.0 .4P8a|1,808|1.201]|1.857] 2.1 .377(2.129(1.261|1.844] 37.7 .458|2.110 |1.261 |1.887 -1.8
12 1.82401.0020]1.532| 45.3 | .505)1.790]1.201[1.657] 5.5 | .580|2.129]1.285]|1.843| 39.3 | .458|2.108 |1.258 |1.886 | -1.5

Negative sugles algnify turning past axial direation.
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RADIAL: DINTRIEDTICH OF PERYOAWANCE DATA FEOM FIVE-STAIR TRINSGNTIC CONFEERSIR
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RADIAL DISTRIBUTION OF FERFORMANCE DATA FROM FIVE-STAGE TRAMSOWIC COMPRESSOR

TABLE II. ~ Contlnued.

Series 2.

(b} Continued.

3. 8pesd, $O-paroent design.
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TABLE TY. - Goqrinusd, RADIAL DISTRIBUTION OF PREFORMAKCE DATA FROM FIVE-STAQT TRANSONIC OOMPRRSS R
{b) Ocnoluded. Swries 2,
4, Epasd, 100-paresnt desipn,

Nadig]] Station 7 Atation 8 Station 9 Setion 10
posl~
tion F'.-/'Pal"v/'fgll’?/'ilﬂr d-KJ N Pu'Pngaﬂzlu’?n B, d'll K PI/’l’aITw'Tz] n/Pglﬂ' d'ﬁl ] 1'10/?2! l‘:.w’l'alhaﬁalp. dul |
Fxbwnab-noxxle satting, 0; blesd open; wy/T/8, 48,88 1b/xec
Outan
wall R.008 2.089 2,920
2 1B.38411.488)R,009| 45,2 |0.501|2.550|1.425| 2 c00] 5.9 0,358} 3,272 8.983 | 1.3 |0,480
5 |2.41811.461)2,009( 43,1 | .591|e.2q1|1.41{e.000] 2.5 | 438 3.348 R.0R7 | 35,0 | .41
L ]2.455(1.437)2.008| 28,4 | (048I C.484|i.410|C.008 .7 1485/ 5,395 R.928 | 1,7 | .44
5 (B.518(1.4842,008| BL.T | ,B7B|2.4d7{1.411|2.0 1@ [ AT6( 3,440 2.628 | -1 | 454
8 |%.554/1.402(2,008( 35.4 | .598|2.501|% 388 2.0 .1 | ,BO7| 3,470 2828 [ -1 477
7 |2.608(1,286|2.003| 35,6  .eas|e.80|1.574|2 108 '@ JB28] 3,408 2,924 [ «1,0 | ,cod
8 12.8%0(1,279(1.968| 54,7 | .esd|e2.n90|1 567 2,1380 -1 | JBd4|3,488 R.927 | -1.9 | .97
B |e.ea311,3751,092| 28,6 | 6302500155508 135 ~3 [ mus] 3480 IRSRE | -R.E | 498
¥ (2.8811,377(1.008 28,y | e8] 2.em1)1)59sle 100 & [ .BB8(5.479 2.928 | -2, 502
11 12,85311,377/1,088] 37,4 | .89 2.891]7 3k 2,130 1.8 | .358|3.40e 2.908 | -8 (498
1z ja.m 1.385/1.980| 40,8 | .85 %.601 (13600, 152 uid | (ES6 3,401 2.608 8] ,500
Edeust-noxgle astting, 240; blesd olosnd; wa/¥/n,
Outer "
wall 2,508 R.368 3.157 3,584
2 |2,722(1.c84(2,208( 40,5 |0.544f 5,002 (1.452(2 370 2.0 |0.58815.741|1.849|3.130 | 54,2 |0.812[5, 007 1,000 (3.558 | 5,0 |0.384
3 |e.765(1.475|R.630 | 44,1 | .589]6. 851 1,447 2,571 1.9 | .309]3.702|1.648(3.198| 50,3 | .82 |%.731 |1l a0g 5.588 | X.7 | .39%
4 12.785(1.408|2,014 | 39.8 | .B73|2.808(1.438{2. 575 o4 | .485(5,768 (1,852 3,194 | 48.4 | .832(5.775 |1.003 |3.558 2.8 | 415
B [2.774|1.45712,000 | 38,5 | .5a1)=.se8(1 428 2.5 -.1 | .4£6)3.030|1.8123.115 | 43.5 | .£50|5.77a |1 see 3.358 B | 414
¢ |2.788(1.420]2,900 3.5 | .593(2.m& (1 4172 378 o1 | oa42)3.85211,E06 5,104 | 41.1 | [saifzivee |1levs |3isse & | ,aq8
7 2.822(1,590]2,188] 38,1 | ,e18(R.778|1. 5932 279 o8 | .474]5.8%0(1,857|5,100| 30,7 | .EBG[S5.E00 L.548 [3,581 | <1.4 | .i38
b |e.e07(l.38412.178 5.5 [ .807|R.778(1.378 2. 283 1.4 | 470 3.802(1.B52(5.008 | 30,4 [ .B85n|X.808 1855 |3.384 =2.7 | 43¢
¥ |2.008(1.380(2,188 38,7 | .a0(R.777(1.570 |2 564| 1.5 -47515,800 (1,806 5,080 40.8 | .o87(5.006 1 £27 (3 338 -2.9 | 457
10 18.880)1.360(2.168| 40,7 | .837(2.776 (1,274 2,328 +489(5.645 11,828 | 3,070 | 42,7 | ,E78/5.802 [1.517 [3(%a1 -2, A0
it |2.858]1.38502.151 | 4n.0 | .841|%.761[1 511 2,588 1.8 | .402(3.68¢]1,800|3.068 | 45,0 | .58e(5.791 |1om1a 5,388 | n,R | 437
12 |8.854(1.256]2.047| 47,0 | .adB[2 738|157 2,307 4.0 | .448/2.802)1,356/5.065 | 47,8 | .508|5.509 |1.Boa 5,323 B | a7
Rabeust-noznle setéing, ¥10; blesd alowsd) wy/T/%, 84,70 1b/ava
Qutar
wll 2.168 2,504 5,079 3,208
2 19.663/1.401(2.160 | 4.4 |0.585|2.860[1,44n]c 308 2.3 (0.350|3.804|1.5285,074 | 2.5 |0.508(3.561 |1.m08 |5.288 2.8 |0.348
3 |2,888(1,458(2.101 | 44,9 | .587|2.677|1 450 R.ALL 2,2 |, 58(5,88511,805(8.071 | 48,9 | .E8[3.638 |1 800 5885 | 3.2 | .380
& J2.7081,408/2.180 55,8 | (57824551 e30 0. 218 4 4E3\ 8782 (0. 02 (8,088 | <87 | ,E37(3.881 (1838 |3.48¢ | 1.5 408
& [a.v0s[1,523 (2,187 | 37,2 | 580|444 |%.4a8 2.319 -43815.771 [1.582(3.083 | 42,4 | 854]3.707 (1,877 |5.q84 | 4 AR
£ |R74812.408 12,185 | 58,0 | ,802|R. 477 |1 410|2, x2e -1 | AB5|5.00611.577(3.086 { 40,3 | .sa8|3,va1 |1l8m 5,005 | -k | JAB2
7 |R.7es(a.588)2.044 | 3500 | 0|8 7a0 Y0304 R 5u0 o7 | 475,786 1,85815.046 | 30.% | .56/3.768 |1 .8z8 B3.282 | -1.1 | (448
& 12,78101.%81 12,155 | 56,5 | .80 |2 7e3(1 %74 3.330( -1, | .484(%,730|1,508)3.03% ( %a.9 | .EB3|5.757 |1 820 |3 .e7e «3,0 | A4l
8 |2,76001.578(.027 [ 59,1 | .emm|eires|1inr0 2,342| 1,4 | 483(3,736|1.81813.007 | 25,8 | .usa|5.7m6 |1 K4 35.276 [ -5.0 | 447
10 12,78801,5% (2,120 | 59,5 | .e3ele.754)1 3mp 2.545) 0 «47413.771 11.517|3,017 | 42,3 | ,574)5.737 |1 R |3oevs | Cale w40
(2,794 (1,380/2,117 | 418 | L&ds[e737 (103N R.547( 1.6 | .476]3.788[1.600(3.005 | 44,0 | mae|3irae 1.809 |8.272 | -7 | ik
18 |2.734)1.378)2.104 | 8.1 | ,640]e, 708 V0374 |2 Bep 5.7 | 4563.792 |1.619|5.011 | 48.6 | ,ma6|3.760 [1 Ko 3,888 2 | 48
EXhannt-nosule setting, 1805 bleed olonsd; wa/V G, 68,75 1b/meo
Outer
wall R.124 2.25% 3.017 5.008
2 |2.m4 0,479 |R,12% | 40,0 (0,54 (0,500 1,455 2.2811 9.4 (0.309]3.888 (1.843(5.014 | 52,8 |0,508 |8, 508 1.807 (5.2 | 2.5 |0.368
5 [2.543 1,469 12,122 | 4d.7 | ,B70|2.B87 1,648 |2 088 2.5 | .40B[5.62¢ 1,828 5.002 42,1 | ,spg|3.808 |1 Kps 5218 | 2,8 | ,408
4 12.65811.400|2.130 | 39,1 | ,57n|2.B9k (1,432 |2.271 b | 4455685 (1,006(3,010 | ¢5.5 | .345]3.850 (1,587 [3.21p 8 | 28
B |a.sa5h.asefaaie ) 3700 | L593|2.e11 3 idRe 2 276 o8 | 44815,740 11,805 5,007 (41,0 | 349 (3.853 [1)E74 |s.g2R2 =2 | 428
§ |2.620 (1,442,120 | 25,7 | .m01|o.eme |1 a2 2.282] .1 | ,476]9.759 (1,890 5.004 | 40,0 | .569)3.700 1,800 [5.884 | ~.5 | 449
T 12.73811,504 (2,11 ( 54,9 | 628 2.705(1.568 |§.292 ;o ( 4P3(5,72¢ (1,564 (7,095 | 58,0 | ,EE7|S, 714 (1,538 (5.85 |-1.9 T
8 |2.748[1.38412.108 (38,8 | .sp8|2 714 (10567 |2 300 -1l0 -48315.899 1,897 (2,086 | 58.7 | .Be3(3.701 |1.m13 |S.co4 | .38 R
8 fe,v48(),5970g,301 | 55,3 | .81 |30710 |1 387 R.504] -1.7 | .4B8(5,705 (1,820 |2.079 (30.5 | 687 (%804 1,609 (3,222 |-3.0 | 447
10 (2.770/1.3%(2.005 | 58,3 | .845 (2 M2 /1 370 R,508) -2 | .487|5.7501.520(2.970 [ 41,8 | .sac|3.eag 1,806 |3.200 | R.4 | .48
1 [2.777(1.384 2,092 | 40,0 | .=s0|6.7I0[L 370 2,210 1.4 | 4G4{5.758|1.596)0,965 |44.5 | .5a5(3.697 1.510 |3.218 |-1.1 | ,em0
18 |e.788(1,308/2.009 | &b.5 | .ce8(8 882 1.7 |2 10 3.8 | .484]3.70¢[1.828(2,06% | 48,8 | .8g2{3.708 |1.505 |5.817 .5 | 488

Megative angles aigni’y turning past axlsl direction.
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RADIAL DIFTRIBOTION OF FERPORMANCE DATA PROM FIVE-STAGE TRANSONIC COMPREIIOR

TABLE II. - Continoed,

(o) Buries 3.

s 80-percent design.

1. Speed, T0-percent deslgn.
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TAELE II. - Coneluded. RADIAL DISTRIEUTION OF PERPORMAMCE DATA FROM FIVE-STAGR TRANSONIC COMPRESSCR

5, 3pesd, S0-peremnt deaign,

Barins 3.

4. Spesd, 100-peroent design,

Radinl] station 11 Atatim 11 station 12
poal-
tien Pn/’el'nﬂel"uﬂn]"' “il K Puﬂ’n] ’1a/"a|ha/’n|5' d“l N "u/?elru/‘-':|“u/"e|"' “‘4 X ’nﬁnl’z.a/”alhaf'elﬂr "‘] M
Exhsust-nozrle setbing, O) blasd openy wo/G/5, 8R.61 lb/ses Exheust-nozale satting, O blasd opsn; WA/B/8, 68.75 lb/nec
Dater
wall 3044 5,357 5.808 4.011
2 5.890 |1.559 | 5.043 1,6M | 5.538 4.478 | 1,746 | 5.808 0,479 1.712 |4.018 5 |0.200
3 5.808]1 |1.587 | 5.841 1,652 | 5.539 4.438 | 1,730 | 3.806 488 1.714 {4,018 .8 321
4 5.757 |1.688 |3.238 1.B651 | 5,559 4.468 | 1,727 |86 476 1.703 14,018 0 35k
] 5.768 |1.B42 {¥.038 1.648 | 5.5%9 4,518 | 1,704 | 3.83% 496 1,863 |4.018 o1 +388
8 5.79R |1.B27 [3.238 1,854 | 5,340 4.51a8 | 1,889 5,820 437 1.879 [4.018 | -.1 373
7 3.778 |1.510 |3.290 1,817 | 3,34, 454 |).857 | 3,808 2408 1,850 [4.017 |-2.8 .38
8 3.761 |1.504 |5.810 1,810 | 5,52 4.Bla 3.5038 «504 1.631 [4.015 |-3.9 . 304
] 3.765 | L.503 |3.816 1.608 | 3,342 4,665 {11.838 | 3.76¢8 518 1.623 | 4,008 {-3.,4 .398
10 3.7 |1,808 |5.010 1.510 |5.543 4,065 {1,338 (3,788 525 1.689 14,008 |-1.0 + 380
11 3.760 |L.817 |3.POQ 1.517 |5.343 4,578 |1.844 |3.7B1 +530 1.682 {4,018 | 1.6 377
i1 3.764 |1.BL5 |3.806 1,820 15.%548 4.531 [1.847 |3.777 554 1.830 [4.,008 | 2.3 .571
Exnaust-noxsle setting, 903 hleed olomed; wa/F/0, & ExBanst-noxale wetting, R40; hlmed olowsd; wp/F/0, 08.45, 1b/aec
uter
wall S:418 5.55 4.388 4.870
2 l.Bat |3.418 | 40.8 5.041 B,042 |1.760 |4.3651 | B5.3 [0.458 1,784 |4.378 | 8,1 (0,208
3 1,888 (3.416 | 29.0 5,541 5.030 |1.779 |4.356 | 30.4 | .488 1.761 |a.578 | 6,1 220
4 1.582 |3.424 | 368.5 5.04) B.085 |1,77L |4.550 | 46.4 | .473 1,767 |4.582 | 4.0 8151
.1 1.578 |8, 31.4 S5.548 B.004 11,730 |4.542 | dR.4 | 488 1,748 |4.508 | 4.8 8.1t
[ 1.557 {Z.420 | 30,0 3.642 5.188 1 4,353 | 33,8 | .08 1.727 |4.591 | £.0 341
i 1.528 (2, 9.1 5.54) E.084 |1.867 |4.506 | ¥8.3 | .49 1,701 |4.857 | 2.8 »B5L
8 1.8568 |3.30% | 28.% 5,637 E.O49 11.87T |[4.208 | 37.8 | 486 Ll.500 |4.800 | 1,7 +25R
? 1.BEY (3.386 | 30.0 3.535 6,055 |1.,672 |4.266 | 30.7 | 48R 1,888 [d4.802 | 2.5 348
10 1,827 (3,301 | 32.% B.084 |1.871 |4.278 | &0.8 »490] 5,005 |1.870 |4.803 | 3.8 340
11 1l.528 (3.380Q | 36.7 S5.117 |1.880 |4.R70 | 43,3 | ,E18|4,078 |1.8765 |4.804 [10.3 .358
12 1.529 (3.380 | 35.4 5.131 [1.870 |4.R88 | 45,1 | .020{4.089 |1.878 [4.004 |1£.8 342
Exhanst-nogxle pebting, 180) blesd oloasd; wa/T/6, 61.03 lbh/wme Extanet-nossle mstting, 210) blesd clossd; waA/T/B, 68.84 Yb/nec
Buter |
wall 3.489 4.200 4.03
| 2 1.896 [3.461 | 40.3 &1 [1.774 4,285 0.484 1,768 (4.%12 | 6.6 |0.308
3 L.E98 3,481 3.4 4,388 |1,770 (4.278 ] 1.766 [4.311 | 6.1 »311
& 1,508 |5.482 | 38.9 4.900 |1.784 |4.274 A78 1.787 |4.81) | B.8 -]
8 1,577 |5.481 | 32.8 8.08% |]1.75¢€ [4.206 )] 1,780 |4.80% | d.4 350
8 1,682 {3.460 ( 51.1 8.048 |1,731 |&.258 -0 1,750 {4.508 [ 1,7 .3dL
7 1.944 |3.488 | 3.5 B.028 |1.868 |4.241 499 1,808 (4.008 ok 357
8 1.534 [3.480 22.6 B5.008 |).870 | 4208 H08 1.878 |+.500 | 1.8 -
9 1.534 |3,.448 | 314 B8.008 |1.874 [4,217 002 1.878 |4.5801 | 8.2 386
10 1,531 |3.440 | 54.0 5.008 |1.871 | 4,207 2 B08 1,878 [4.71E8 | 3.7 S
n 1.540 |3.4358 | 38.5 £.030 |1.878 | 4,201 518 1.678 |4.518 11,2 » 354
12 1.544 |3.432 | 40.0 5,087 |1.883 (4.1%8 - 1.678 |4.318 |18.1 2341
Exhaust-noxxle setting, $40; bleed elosad; wa/B/0, 50,99 1b/mec Exhaust-nokkle setting, 180; bleed alosed; wa/F/B, 88,13 1b/sec
Quter
wall 5,558 Lt 4. 440
2 |4.000 |1.86 [3.858 | 40.8 4.887 783 |4.718 | 81,2 [o.c08 1.778 |4.458 0,287
5 4,000 [1.818 [3.5%8 | 38.8 4,881 [1.774 |4 a3 | 47.1 | 488 1.786 [4.457 »510
& 4,011 (1.4 [3.53= | 30.5 4,507 [1.788 |4.300 | 48.7 4T 1,738 (4.450 S53
& 4,081 (1.348 |5.331 | 35.1 4,010 [1.740 | 41004 | 30.8 | 478 L. 187 4,454 o3
8 4,088 1.5680 |53.3£7 | 31.8 4,984 725 | 4,198 | 37.8 | 483 1.707 |4.452 380
7 4.067 |1.566 (3,817 | 30,6 4.520 89% | 4.180 | 35,3 | .480 1.801 |4.451 o384
8 4,080 [1.85¢ (3.%10 | 30,8 4,904 871 |4.163 | 35,7 AR 1,671 |4.432 381
2 4.080 [1.847 (5.604 | 32,4 4,901 S84 | 4.152 | 37.3 | B4 1,866 |4.454 387
1D 4,110 [1.840 (3.4%8 | 24.0 4.008 B89 |4.140 | 40.4 | 499 1.889 |4.488 362
11 4,138 %.ﬂﬂ S.483 | .7 4.014 B75 [4,152 | 44.0 | .508 1.885 (4.488 -1
12 4,124 [1.859 (3.480 |42.0 4.9 8Bl {4,197 | 45.2 | .B12 1.088 [4.450 (5.1 548
Negative angles signify wurning past axial dirsotlom,
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_ C-42228
{(a) Combinstion (b) Wedge static (c) Wedge statlc (d4) Weke rake.
probe. probe used &t probe used at
survey stations first-rotor
3 to 1l2. inlet.
Figure 3. - Instrumentation used for radial surveys. -
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[o] Combination probe
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WR Weke rake
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Station 9 Station 10
(b} Second series.
td
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Station 10 Station 11 Station 12

(¢) Third series.

Pigure 4. - Approximate circumferential location of

probes viewed from upstream.
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Ratio of static to total pressure, p/P
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Pigure 5. ~ Variation of static pressure with corrected weight flow for
variocus radial positions at first-rotor inlet of five-stage transonic

ComMpregsor.
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(a) Corrected speed, 70-percent design.
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Figure §. - Radial variation of ratios of total pressure and totel
temperature at exit of each blade row of five-stage transonic

compressor.

Operation near peak efficlency.
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(b) Corrected speed, 8C-percent design.
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Figure 6. - Continued. Radial variation of ratlios of total pressure and
total temperature at exlt of each blade row of five-stage transonic
compressor.

Operation near peak efficiency.
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(e) Corrected speed, SO0-percent deslgn. Operation near peak efficiency.

Pigure 8. - Continued. Radlal verlation of retlos of total pressure and

total temperature at exlt{ of each blade row of five-stage transonic
compressor.
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(d) Corrected speed, 100-percent design. Operation at design pressure ratio.

Figure 6. - Concluded. Radlal varlation of ratios of total pressure and
total temperature at exit of each blade row of five-stage trsnsonic

compressor.
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